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ABSTRACT 

Context. T and Y-dwarfs are among the coolest and least luminous objects detected, and they can help to understand the properties of 
giant planets. Up to now, there are more than 350 T dwarfs that have been identified thanks to large imaging surveys in the infrared, 
and their multiplicity properties can shed light on the formation process. 

Aims. The aim of this work is to look for companions around a sample of seven ultracoool objects. Most of them have been discovered 
by the WISE observatory and have not been studied before for multiplicity. 

Methods. We observed a sample six T dwarfs and one L9 dwarf with the Laser Guide Star (LGS) and NAOS-CONICA, the adaptive 
optics (AO) facility, and the near infrared camera at the ESO Very Large Telescope. We observed all the objects in one or more near-IR 
filters (JHK,). 

Results. From the seven observed objects, we have identified a subarcsecond binary system, WISE J0612-3036, composed of two 
similar components with spectral types of T6. We measure a separation of p = 350+5 mas and a position angle of PA = 235 + 1°. 
Using the mean absolute magnitudes of T6 dwarfs in the 2MASS JHKs bands, we estimate a distance of J=31+6pc and derive a 
projected separation of p ~ 11 + 2au. Another target, WISE J2255-3118, shows a very faint object at T.'3 in the Ks image. The 
object is marginally detected in H, and we derive a near infrared color of H - K^> 0.\ mag. HS T /WFC3 public archival data reveals 
that the companion candidate is an extended source.Together with the derived color, this suggests that the source is most probably 
a background galaxy. The five other sources are apparently single, with 3-cr sensitivity limits between for companions at 

separations > (y.'5. 

Conclusions. WISE 0612-3036 is probably a new T-dwarf binary composed of two T6 dwarfs. As in the case of other late T-dwarf 
binaries, it shows a mass ratio close to 1, although its projected separation, ~11 au, is larger than the average (~ 5 au). Additional 
observations are needed to confirm that the system is bound. 

Key words, stars: brown dwarfs — stars: binary — techniques: high angular resolution — individual: WISE J061213.85-303612.5, 
WISE J225540.75-311842.0 


1. Introduction 

Brown dwarfs (BDs) are the bridge between late-type stars and 
planetary-mass objects. T dwarfs (with effective temperatures of 
Teff ~ 1500-500 K) and Y-dwarfs (Yeff < 500 K ) are among the 
coolest and least luminous objects detected, and their properties 
can help us to understand giant extrasolar planets. 

In recent years, a significant number of BDs have been 
identified in wide-field optical and infrared ii naging surveys, 
e.g., t he Two Micron All Sky Survey (2MASS, ISkrutskie et al. 
2006), the DEep Near Infrared Survey (DENIS. [Epchtein et al. 
19971). or the UKIRT Infrared Deep Sky Survey (UKIDSS, 
Lawrence et all l2007l) . Eor the coolest objects, deep near- 

* This work used data collected at the VLT under runs 89.C- 
0494(A,B,C) and91.C-0501(A,B). 

Based on observations made with the NASA/ESA Hubble 
Space Telescope, and obtained from the Hubble Legacy Archive, 
which is a collaboration between the Space Telescope Science 
Institute (STScI/NASA), the Space Telescope European Coordinating 
Facility (ST-ECF/ESA), and the Canadian Astronomy Data Centre 
(CADC/NRC/CSA). 


IR and mid-IR survey s such as the Cana da-France Brown 
Dwarf Survey (CEBDS. IPelorme et al.ll2008l) or the W ide-Eield 


Infrared Survey Explorer (WISE. IWright et al.ll2010l) have con 


and Y-dwarfs (e.^ 

i., iBurningham et al. 

pOKUAlbertetal. 2011: 

Kirkoatrick et al.l 

I 2 OII: ICushing et al 

|201 1: iKirkoatrick et al.l 

20121: Tinnev et al.l 20121: Pinfield et al.l l2014allbh. Currently. 


Multiplicity is directly related to the stellar and substel- 
lar formation process, and it has been studied for different 
mass regimes. In the case of T dwarfs, several works have fo- 
cused on studying the companions around these sources (e.g. . 


Burgasser et al.l [200^ iBouv et al.l l200^ iBurgasser et al. 120061: 

O 


Roiiv et alJ 120081: iGelino et alJ 1201 11: iT.iii et alJ 1201 lL 1201 2h 


Most of them have benefited from laser guide star (LGS) adap¬ 
tive optics (AO) assisted observations at large ground-based tele¬ 
scopes or/and the Hubble Space Telescope (HST) data in order 
to achieve the best angular resolution and sensitivity. As a re¬ 
sult there are now ~14 identified T-dwarf binaries. Most of them 


1 www.dwarfarchives.org 
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show very small sep arations (~2-5 au, iBurgasser et alJ I2003L 
l2006l:lLiu et al.ll201lh . although there are also wide binaries that 
have been dete cted (e.g., WISEJ 1711+3500, p = 15 ± 2au, 
iLiu et al.ll2012h . In a recent work. lAberasturi et"^ (l20l4 have 
derived a binary fraction of <16 or <25%, depending on the un¬ 
derlying mass ratio distribution. 

Motivated by the large number of T and Y dwarfs identi¬ 
fied by WISE, we started a program to search for companions 
to newly discovered BDs in 2012 using high angular resolution 
LGS AO-assisted observations in the near-lR. Most of the se¬ 
lected ta rgets were T and Y dwa rfs identified with WISE and 
listed in [Kirkpatrick et al] (1201 ll) . In this paper we present the 
results from our AO imaging campaigns. In Sections |2] and [3] we 
described the sample selection, the observations, and the data 
reduction. In Section [4] we discuss the main results, including 
the sensitivity limits. The main conclusions are summarized in 
Section [Jl 


2. The sample of brown dwarfs. 

Our target list was mainly selected from the newly found BDs 
with WISE, which is a mid-lR satellite launched in 2009 that 
surveyed the entire sky in four bands: 3.4, 4.6, 12, and 22/im. 
Binding BDs was a primary science goal of WISE, and the strat¬ 
egy was based on a particular color cut: the methane absorp¬ 
tion feature near 3.3//m made the [3.6]-[4.6] color extremely red 
(>2mag), unique among substellar objects. 

[Kirkpatrick et all (1201 ll) summarize the first WISE BDs dis¬ 
coveries that included a list of a hundred of detected substel¬ 
lar objects. Eor our study, we initially selected WISE T and 
Y dwarfs from this work. We kept only those observable from 
Paranal Observator y and nev er studied for multiplicity before 
r.elino et al.ll2ni UIlIu et aD2ni 2h . 

Additional dwarfs were discovere d and studied afterward s 
(ICushing et al.ll201 ll iGizis et aLll201ll: [Kirkpatrick et al.|[201^ . 

and we included them in our target list. Einally, we also consid¬ 
ered several bright targets (mainly previously known L-type and 
early-T dwarfs) as backups to be observed under bad conditions. 
One of these targets, 2MASS 11114-2618, was observed by the 
HS T in the meantime, an d the results were recently presented 
by lAberasturi et al.[ (I2Q14I) . We include it here for comparison. 
In total, we selected ~50 targets for our study. 


3. Observations and data reduction 

The observations presented here were obtained with NAOS- 
CONICA (NACO), the AO system a nd near-lR camera 
(iLenzen et all 120031: iRousset et all 120031) at the Very Large 
Telescope (VET). Since most of the targets are too faint to be 
used as natural guide stars (NGS), we made use of the laser guide 
star (LGS) facility at the VET. 

To obtain a full AO correction, the LGS facility should be 
used in combination with a tip-tilt {tt) reference star brighter 
than y = 17 mag, located at a maximum separation of 40" from 
the target. In the absence of a tt star, the LGS can be used i n 
the so-called ‘seeing enhancer’ (se) mode (iGirard et al.l 120101) . 
that is, LGS-assisted AO observation but without correcting for 
tip/tilt. Because the low orders of the wavefront corrugations are 
not corrected, the SE mode provides an image quality intermedi¬ 
ate between simple (non-AO) imaging and full LGS closed loop 
observations. (We refer to the NACO manual for a full descrip¬ 


tion of this mode. 0 Eor our observations, we used a tt reference 
star whenever available, and switched to se mode otherwise. 

The observations were allocated in seven different nights 
over 2012 and 2013. We could not collect any data in four of the 
nights (2012-06-10, 2012-07-12, 2012-12-08, and 2013-03-07) 
because of inadequate atmospheric conditions for AO and the 
LGS and/or technical issues associated to the laser itself. The at¬ 
mospheric conditions in the three other nights were moderate to 
poor for the LGS, with average coherence times (^o) < 3 ms and 
variable seeing. In these conditions we observed a total of 20 
targets, but we could only obtain good quality datasets for seven 
of them. They are included in Table [TJ As shown in the table, 
some of the targets were even observed without AO owing to the 
unsuitable atmospheric conditions and poor LGS performance. 

All the targets were observed with the S54 objective, pro¬ 
viding a field of view of 54"x54" and a nominal plate scale of 
O'.'054. The data was obtained in one or several near-lR filters 
(JHKs), depending on the atmospheric conditions and bright¬ 
ness. To estimate and remove the sky background, we observed 
the targets applying random offsets between the individual ex¬ 
posures (‘Autojitter’ mode). __ 

The data was reduced using eclipse ([Devillard[[l997[) and 
following the standard steps for near-lR imaging data: the im¬ 
ages were dark-subtracted and fiat-field-divided, and bad pixels 
were masked out. The sky background was estimated and sub¬ 
tracted from all the individual images. Einally, the frames were 
shifted and co-added to generate the final stacked image. Since 
the atmospheric conditions were variable during the observa¬ 
tions, some of the individual frames showed a low image quality. 
To improve the final spatial resolution of the combined data, we 
removed the worst individual images, i.e. those with the lowest 
Strehl ratio and the largest EWHM, and kept only those with the 
best AO performance. 

The observing log is given in Table |2l As can be seen, the 
seeing and coherence time were not optimal for AO+LGS ob¬ 
servations, and this is reflected in the final EWHM and Strehl 
ratios measured on the combined images. 

4. Results 

Live of the seven BDs observed with NACO+LGS are appar¬ 
ently single. We estimated the sensitivity limit as a function of 
the separation for all of them (see Eig.[T]) in the different NACO 
filters. The curves have been estimated from the point spread 
function (PSE) radial profiles of the targets, while computing 
the standard deviation of the noise in bins of 20 pixels and one 
pixel step. We derived the difference in magnitudes at a 3-cr level 
normalizing by the peak intensity of the PSE. 

Usually, the best combination of sensitivity and angular 
resolution is achieved in the H band. To derive the sensitiv¬ 
ity limits in this band, we used the H mag listed in Table [T] 
Eor the targets with MKO filter system photometry, we con¬ 
verted the n iagnitudes into the 2 MAS S system using the re¬ 
lations from [Stephens & Legged (120041) . We obtain ^ 2 mass ~ 
^mko- 0-04 mag for the given spectral types. We reach 3-(T mag¬ 
nitude limits between 19-21 mag for separations of O'.'5 (see 
Table [4]). Eor an average distance of ~15pc and ages of 1 Gyr 
and 5 Gyr, this magnitude interval corresponds to masses of ~ 11- 
7 Mjup, and -30- 18 Mjun, respectively , according to COND evo¬ 
lutionary tracks (IChabrier et al.ll200^ . Eor each individual tar¬ 
get, we estimated the approximate spectral type (Sp. Type Hm) 
that corresponds to the ^-band limiting magnitude (3-cr) using 

^ http://www.eso.org/sci/facilities/paranal/instruments/naco/doc) 
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Table 1. Sample of observed brown dwarfs 


Target 

RA 

(J2000) 

DEC 

(J2000) 

Sp. Type 

H- 

(mag) 

d 

(pc) 

Reference 

WISE J0612-3036 

06 12 13.8 

-30 36 12.2 

T6 

17.06+0.11 

17.0 

1 

2MASS 111 14-2618 

11 14 51.3 

-26 18 23.5 

T7.5 

15.73+0.12 

10+2 

2,3 

WISEJ1436-1814 

14 36 02.2 

-18 14 21.9 

T8 pec 

>17.62 

16.8 

1,4 

WISEJ1612-3420 

16 12 15.9 

-34 20 27.1 

T6.5 

16.96+0.03** 

16.2 

1,4 

WISEJ1959-3338 

19 59 05.7 

-33 38 33.7 

T8 

17.18+0.05** 

11.6 

1 

WISE J2255-3118 

22 55 40.7 

-31 18 42.0 

T8 

17.70+0.11** 

13.0 

1 

WISE J2327-2730 

23 27 28.7 

-27 30 56.5 

L9 

15.481+0.103 

21.7 

1 


Notes: * 2MASS photometry exce pt for ** with MKO filter system photometry; dKirknatrick et all (1201 Ih : ^ iTinney et alJ (120051) : ^ lAberasturi et all 
(l20H : ^ li^patrick et all i l20T^ 


Table 2. Observing log. 


Date 

Target 

Filter 

Exp. time 
(sec) 

Seeing^ 

(arcsec) 

to 

(ms) 

Airmass 

LGS mode"^ 

FWHM" 

(arcsec) 

Strehf 

(%) 

2012-09-08 

WISE 0612-3036 

J 

300 

0.8 

2.5 

1.1 

non-AO 

- 

- 



H 

180 

0.7 

2.5 

1.3 

se 

- 

- 



Ks 

420 

0.7 

3.0 

1.2 

non-AO 

- 

- 


WISE 2255-3118 

H 

780 

1.3 

1.1 

1.0 

se 

0.50 

2.1 



Ks 

840 

1.0 

1.5 

1.0 

se 

0.40 

3.3 


WISE 2327-2730 

H 

660 

0.9 

1.7 

1.3 

se 

0.37 

3.2 

2013-05-19 

2MASS 111 14-2618 

J 

480 

0.9 

1.5 

1.2 

tt 

0.40 

1.8 



H 

480 

0.9 

2.0 

1.1 

tt 

0.22 

4.8 



Ks 

480 

0.9 

2.0 

1.1 

tt 

0.14 

11.0 


WISE 1959-3338 

J 

600 

0.9 

2.0 

1.0 

tt 

0.39 

2.7 



H 

400 

0.9 

1.7 

1.0 

tt 

0.27 

5.0 



Ks 

300 

0.8 

2.0 

1.0 

tt 

0.25 

8.0 

2013-07-01 

WISE 1436-1814 

H 

240 

1.1 

4.0 

1.0 

se 

0.53 

2.3 



Ks 

240 

1.1 

4.0 

1.0 

se 

0.29 

4.6 


WISE 1612-3420 

H 

900 

1.0 

4.0 

1.0 

non-AO 

0.41 

2.4 



Ks 

800 

1.0 

4.0 

1.0 

non-AO 

0.30 

4.0 


Notes: ^ Average values from the Differential Image Motion Monitor (DIMM); ^ se\ seeing enhancer, tt\ tip-tilt (see text for details); ^ Full width 
at half maximum (FWHM) measured on the target; ^ Strehl ratio measured on the target, except in the case of WISE 0612-3036, which is resolved 
into a tight binary system. 


Table 3. Contrast and sensitivity limits (3 -(t) in the Ff-band at a 
separation of (X'S. The magnitudes are provided in the 2MASS 
system. 


Target 

AH 

(mag) 

(mag) 

Sp. type 

2MASS1114- 2618 

4.7 

20.4 

YO 

WISE 1436-1814 

2.0 

>19.6 

>T9 

WISE 1612-3420 

3.2 

20.2 

T9 

WISE 1959-3338 

3.5 

20.7 

YO 

WISE 2327-2730 

3.7 

19.2 

T8 


^ Spectral type that corresp onds to the limiting //-in ag according to the 
M^-Sp. Type relation from iKirknatrick et HI (|20 1 2h . 


the Mh versus spectral type relation derived bv iKirkpatrick et all 
(l20I2h . and the individual distances from Table [T] This value is 
included in the last column of TablelU In the case of WISE 1114- 
2618, we achieve a AH value of 4.7 mag at (X' 5. This is deeper 
than th e HST/F164N observations presented bv lAberasturi et al.l 
(l2014l) . with a contrast of 1.5 mag at a separation of O'.'6. 

4.1. WISE 0612-3036 

We have resolved WISE 0612-3036 (WISE0612, hereafter) 
into a subarcsecond binary (Eig. 13. The two objects are de¬ 
tected in the three bands, JHKg with an estimated separation of 
p = 350+5 mas and position angle of PA = 235+1°. The values 


are derived computing the average and standard deviation of the 
measurements in the three bands. We note that only the H-band 
data was obtained with LGS assisted AO, while the subsequent 
JK^ data was obtained in open loop owing to technical problems 
with the laser. 

We performed PSE stellar photom etry of the bi nary sys¬ 
tem with ALLSTAR in DAOPHOT II (IStetsonlll992h . Eor the 
photometry we used the final stacked images in each filter. 
The PSE was constructed using three or four stars in the field 
of view for the J and HK^ bands, respectively. The typical 
PSE errors of both components are in the range of 0.012- 
0.034 mag. Eor the transformation to the standard 2MASS 
JHK^ system, we used the only star in the field with 2MASS 
photometry: 2MASS J06121227-3036100 with a(2000)=6h 06"^ 
12^.27 and ^(2000) = -30°36'10'.'0 and apparent mag¬ 
nitudes of /=15.915+0.080mag, 15.141+0.066mag, and 

15.024+0.139mag. The final errors of the photometry are 
weighted means of the PSE errors and errors of the standard 
star. To double check the PSE photometric calibration with the 
bright star 2MASSJ06121227-3036100, we estimated its K^- 
band magnitude using a standard star observed at the end of the 
night. We find that the difference between the 2MASS tabulated 
value and our calibrated photometry is only 0.04 mag. 

The estimated magnitudes for the two components in the 
2MASS system are provided in Tablel4l [Kirkpatrick et al.l (1201 ll) 
report magnitudes of 7=17.00+0.09, Ff=17.06+0.11, and Ks = 
17.34+0.21 for the unresolved system. If we correct them for 
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Fig. 2. NACO/LGS observations of WISE 0612-3036. The top 
panel shows the ~54"x54"NACO FOV. The target, WISE- 
0612-3036, is in the center of the black square. The star 
2MASSJ06121227-3036100, used to calibrate the JHKs pho¬ 
tometry of the binary system, is the brightest source in the west. 
The bottom panels show a zoom on the newly discovered binary 
in JHKs. 


Fig. 1. Sensitivity limit of the NACO observations. We show the 
curves for the five apparently single sources, one target per row, 
in the different NACO filters. They were computed as the 3-(T 
standard deviation of the PSF radial profile. 


binarity, the difference between our PSF photometry and these 
values are -0.12, 0.14, and 0.16 in JHK^, respectively, which are 
consistent within the given uncertainties. 

The primary (A) is the brigh t est obj ect located to the 
NE (see Fig. 12). (Kirkpatrick et al.l (1201 ll) classify the unre¬ 
solved object as a T6 dwarf based on near-IR spectroscopy. 
The difference in magnitudes between the two components 
are AJ= -0.05+0.14mag, AH= -0.10+0.14mag, and AK^=- 
0.13+0.24 mag, so we can assume similar spectral types for the 
two objects. 

We have plotted the binary components in a near-IR color- 
color diagram (see Fig. [3]) and compared them with well known 
T-type dwarfs from iDu^v & Liul (120121 Table 10) with avail¬ 
able 2MASS photometry. We have only included objects with 
photometric uncertainties smaller than 0.2 mag in the three 
bands. The WISE0612 system falls within the region of the 
late-T dwarfs with a v ery blue H - color. As explained in 
iBurgasser et all (l2002h . this is expected in late-T dwarfs since 
the 2. lyum peak starts to flatten until it is suppressed for the latest 
type objects. This is indeed the case of WISE0612, which shows 


Table 4. Properties of the binary system WISE 0612-3036 AB. 


NACO photometry 


Parameter 

WISE 0612A 

WISE 0612B 

J 

17.85+0.10 

17.89+0.10 

H 

17.62+0.10 

17.73+0.10 

Ks 

18.18+0.14 

18.33+0.20 

J-H 

0.25+0.14 

0.20+0.14 

H-K 

-0.60+0.17 

-0.60+0.22 

J-K, 

-0.40+0.17 

-0.42+0.22 

Binary parameters 

p (mas) 

350+ 5 


P (au) 

11+2 


PA (deg) 

235+1 


Distance (pc) 

31+6 



no emission peak at 2.1 jum in the near-IR spectrum obtained by 
iKirkpatrick et all (1201 ll) . 

The spectrophotometric distance to the unresolved source, 
based o n its WISE W2 magn itude and its spectral type, is 
~17pc (IKirkpatrick et al.l[20111) . To derive the distance to the 
new binary system we have the mean 2MASS absolute mag¬ 
nitude s as a function of the spectral type from iDupuv & Lit] 
(l2012h . The values derived for a T6 dwarf are M/=15.35+0.02, 
Mi^=15.32+0.02mag, and = 15.68+0.01 mag, with typical 
dispersions of 0.11, 0.17, and 0.33 mag, respectively. Using 
these values, we derived distances of ~ 31+2 pc (/-band). 
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29+3 pc (if-band) and 32+5 pc (fTs-band) and adopted an av¬ 
erage value of J = 31+6pc for the rest of the paper. 

Assuming that the two objects are bound, we represent 
the binary components in several color-absolute magnitude di¬ 
agrams (see Fig. II, together with a s ample of MLT dwarfs with 
the measured parallaxes included in iDupuv & Lid (l2012h . We 
excluded objects with 2MASS photometric errors larger than 
0.5 mag, and relative errors in their parallaxes (^tt/tt) larger than 
0.6. As expected, the two binary components of WISE0612 lie 
in the region between T5-T7 dwarfs, with very blue H - and 
J - colors. 

For the assumed distance of 31+6 pc, the projected separa¬ 
tion of the binary is p ~ ll+2au. Since the age of the sys¬ 
tem is unknown, we estimated the mass of the objects assum¬ 
ing two ages of ~ 1 Gyr and 5 G yr. According to CQ ND evo¬ 
lutionary tracks (2MASS svstem. lChabrier et'^l2000h . we de¬ 
rived masses of ~30Mjup (1 Gyr) and ~60Mjup (5 Gyr) for the 
individual components. For a circular orbit, we derived orbital 
periods of ~ 150 yr for 1 Gyr and ~105 yr for 5 Gyr. 

Finally, we note that a single-epoch observation is not 
enough to classify the binary as bound. Although additional 
data is needed to confirm it as a common proper motion pair, 
the small angular separation makes a random coincidence un¬ 
likely. We have estimated the probability of a background ob¬ 
ject lying close to the target using the number sources detected 
in the NACO f/^-band image. We detect eight sources in the 
~56"x56"field of view. Since the companion candidate is de¬ 
tected at a separation of O'.'35, the probability of detecting an ob¬ 
ject in an area of 7rx0'.'35^= 0.3848 arcsec^ around the target is 
8x(0.3848/56^), that is, 0.09%. If we only consider the detected 
sources with a similar brightness to the companion (2), we de¬ 
rive a probability of 0.02%. We have also checked that there is 
no object at the given position in the Palomar Observatory Sky 
Survey (POSS) II images. 

On t he other hand, the prope r motion of the primary esti¬ 
mated bv iKirkpatrick et aP (1201 ll) is fia.cosd = -137+22mas/yr 
and [Is =-256+21 mas/yr, that is, ~0.3"/yr. Therefore, the binary 
can be confirmed with second-epoch non-AO observations ob¬ 
tained after 3-4 yrs, to allow the BD enough time to move far 
enough from the companion, if it turns out that the latter is not 
co-mo ving. 

4.2. y\/\SE 2255-3118 

In the case of the T8 dwarf WISE J2255-3118 (WISE2255, here¬ 
after), the final image quality was not good enough to detect 
very close companions. However, we have detected a very faint 
source in the band at a separation of ~r.'3 (see Eig. IS. This 
source is marginally dete cted in the H band. The estimated dis¬ 
tance to the source, 13 pc (iKirkpatrick et al.l201 ll) . implies a pro¬ 
jected separation of ~17 au. 

We performed aperture photometry on the if^^-band images 
and calibrated it using standard stars observed during the night. 
We derive 17.64+0.18mag and K^= 17.47+0.25mag for the 
primary. Eor the faint object we estimate A's =20.5+0.3 mag and 
H >20.6mag and a color of H - iQ.l mag. 

If bound, the companion candidate would be at a distance 
of 13 pc, which implies a Mks~ 19.9 mag. When we compare 
its properties to those of the T dwarfs represented in the cen¬ 
tral lower panel of Eig. |4l we see that the object does not fol¬ 
low the sequence of the coldest T dwarfs, displaying a redder 
H - color. In this panel we also compared WISE2255 with 
WISE 1711+3500, a physical binary system with very similar 
properties: it consists of a T8 primary and a T9.5 companion 



- 1.0 - 0.5 0.0 0.5 1.0 1.5 

H - Kg (mag) 


Fig. 3. Color-color near-I R diagram. We have in cluded a sample 
of ultracool dwarfs from iDupuv & Liiil (l2012h : the small gray 
diamonds represent M- and L-dwarfs, while the green diamonds 
are T dwarfs. We have only plotted objects with photometric un¬ 
certainties smaller or equal to 0.2 mag. The binary components 
of WISE0612 are represented by blue triangles. 


with AK=3 mag (iLiu et al.l|2Q12b . The difference in the H band 
between the two components is AH of -2.8 3, and its H - ^s.mko 
color i s -0.42+0.17. Using the relations bv [Stephens & LeggettI 
(l2004l) for a T9 dwarf (the coldest object in their sample), we 
can convert its magnitudes into the 2MASS system (A^s, 2 MASS 
= ^s,MKO +0.16, and F^ 2 mass = Hmko +0.04), obtaining H - 
^s, 2 mass = -0.54, significantly bluer than the upper limit re¬ 
ported for the WISE2255 companion candidate. 

Einally, we also compared the photom etry of the compa nion 
candidate with five Y dwarfs included in iLiu et al.l (12012h and 
iLeggett et all (l2013l) . Since they all have HKg photometry in the 
MKO system, we have converted them to the 2MASS system 
following the same procedure described above. The result is dis¬ 
played in Eig. |4| (low central panel). The companion is redder 
than the Y dwarfs, but it lies close enough to their locus, pre¬ 
venting us from drawing a firm conclusion about the nature of 
this object. 

We searched in public archives for additional data on this 
source and found HS T/WFC3 data obtained in two near- 
IR filters, El low and E160W (Program 12972, P.I. Gelino). 
The observations were obtained on 2012 October 17 in 
MULTIACCUM mode and following a four dithering pattern. 
The total exposure time was ~ 1200 sec in the two filters. We 
retrieved the final calibrated images (fit name extension) from 
the Hubble Legacy Archive (HLA) and reprocessed them using 
the routines within the DrizzlePac0 package. In particular, we 
used MULTIDRIZZLE to combiue the exposures into a master image, 
resampling onto a finer pixel scale and correcting for geomet¬ 
ric distortions in the camera. (We selected a finaLscale of 0.09 
’’/pixel and finaLpixfrac of 0.8.) The T dwarf and the companion 
are clearly detected in the final HS T images (s ee Eig.O, and the 
analysis of the two images with SEXtractor (iBertin & ArnoutsI 


^ http://drizzlepac.stsci.edu/ 
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Fig. 4. Near-IR color-magnitude diagrams. We represent a sam¬ 
ple of ultracool dwarfs with ineasure d parallaxes and 2MASS 
photometry from iDupuv & Liul (l2012h : gray diamonds represent 
ML-dwarfs and green diamonds the T dwarfs. We have high¬ 
lighted in red the T-dwarfs with spectral types between T5 and 
T7. The binary components of WISE0612 are represented by 
blue open triangles. In the lower central panel, the faint compan¬ 
ion candidate to WISE225 5 is represented by a filled square and 
WISE 1711+3500B 1X 9.5.11 .in et alJl2ni2h hv a filled circl e. A 
sample of 4 Y-dwarfs (iLiu et al.ll2012t iLeggett et al.ll2013h are 
indicated by asterisks. 


Il996h and PSEEx (lBertinll2Ql ll) reveals that the faint companion 
candidate is an extended source. To visualize it, we represented 
the HST PSE-subtracted images in Eigure[6l where the compan¬ 
ion shows strong residuals in comparison to the T dwarf. This 
is consistent with the concentration index (Cl) derived by the 
HS T team and included in the HLA SEXtractor catalog for the 
E160W band (Data Release 8). This index is defined as the differ¬ 
ence in magnitude from two different apertures (O'.'09 and O'.'27), 
and it is used to separate extended from point-like sources. They 
measure a Cl = 1.4 for the companion candidate, while point-like 
sources in the WEC3 show 0.5 < Cl < 1.0. We note that the HS T 
image is relatively crowded, with a large number of spatially re¬ 
solved galaxies. In fact, the HLA catalog contains 275 detected 
sources, with 235 displaying Cl > 1.0. 

An extended source is consistent with a background galaxy 
or with a binary. In the latter case, and if bound to the primary, 
the binary components would be cooler than T8, and probably in 
the Y-dwarf regime. However, with the current data we cannot 
distinguish between the two scenarios. 

That the detected source is extended, together with the red 
H - color, suggests that the faint object is most probably a 
background galaxy, although additional imaging is needed to test 
whether the objects are co-moving or not. 



Fig. 5. NACO/LGS K^SlH observations of WISE 2255-3118. We 
display a field of 8"x8". A faint source (encircled) is detected at 
~r.'3 SE from the T dwarf. 



Fig. 6. HST/WFC3 EllOW and F160W reduced images of 
WISE2255-3118. We display a field of 8"x8". North is up and 
east to the left. The companion candidate is clearly resolved in 
the two filters. The PSE-subtracted images are displayed on the 
right panels, where the companion candidate shows large resid¬ 
uals consistent with an extended source. 


4.3. Comparison with T-dwarf binaries 

To put our study into context, we compared the properties of 
WISE 0612-3036 with other T-dwarf binaries from different AO 
and HST studies (see Table [5]). We have represented the spec¬ 
tral types of the secondaries versus the spectral types of the pri¬ 
maries in EigurelJl Their projected separation in the sky (in au) 
have been color-coded. As seen in Eigure [71 all the early-T pri¬ 
maries with SpT < T3 have secondaries later or equal than T4, 
while most of the late-T primaries (SpT > T4) show nearly equal 
mass companions (typical errors in spectral typing are between 
0.5-1 type). The separations range between ~2-16au, with only 
four binaries showing separations larger than or equal to 8 au. 
WISE 0612-3036 is among these four binaries with a projected 
separation of 11 au. 
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Table 5. Summary of known T-dwarf binary systems 


Name 

SpT A 

SpTB 

Distance 

[pc] 

P 

[mas] 

P 

[au] 

Reference 

SDSS 102109.69-030420.1 

T1 

T4 

29+4 

172+5 

5.0+0.7 

Burgasser et al. (2006) 

2MASS J14044941-3159329 

T1 

T5 

~23 

133.6+0.6 

~3.1 

Looner et al. (2008) 

e Indi B 

T1 

T6 

3.626+0.013 

732+2 

2.654+0.012 

McCaughrean et al. (2004) 

SDSS 153417.05-^161546.1 

T1.5 

T5.5 

~36 

110+5 

^4 

Liu et al. (2006) 

SIMP J1619275-F031350AB 

T2.5 

T4 

22+3 

691+2 

15.4+2.1 

Artigau et al. (2011) 

SDSS 092615.38-^584720.9 

T4 

T4 

38+7 

70+6 

2.6+0.5 

Burgasser et al. (2006) 

WISEPA 184124.73-^700038.0 

T5 

T5 

40.2+4.9 

70+14 

2.8+0.7 

Gelino et al. (2011) 

2MASS J15344984-2952274 

T5 

T5.5 

16+5 

140.3+0.57 

2.3+0.5 

Burgasser et al. (2003): Liu et al. (2008) 

2MASS J12255432-2739466 

T6 

T8 

11.2+0.5 

282+5 

3.17+0.14 

Burgasser et al. (2003) 

2MASS J15530228-F1532369 

T6.5 

T7 

12+2 

349+5 

4.2+0.7 

Burgasser et al. (2006) 

WISEPA J171104.60-^35000036.8 

T8 

T9.5 

19+3 

780+2 

15.0+2.0 

Liu et al. (2012) 

WISEPA J045853.90-F643452.6 

T8.5 

T9 

10.5+1.4 

510+20 

5.0+0.4 

Gelino et al. (2011) 

WISE J014656.66-F423410.0 

T9 

YO 

10.6+1.5 

87.5+2.0 

0.93+0.14 

Duduv et al. (2015) 

WISEPCJ121756.91-F162640.2 

T9 

YO 

10.5+1.7 

759.2+3.3 

8.0+1.3 

Liu et al. (2012) 

CFBDSIR J1458-F1013 

T9.5 

TIO 

23.1+2.4 

110+5 

2.6+0.3 

Liuetal. (2011) 



Fig. 7. Known T-dwarf binaries. We have represented the spec¬ 
tral types of the secondaries versus the primaries for known T- 
dwarf binaries (circles). 0 stands for TO, 10 for T10, and 11 for 
YO. The color code is related with the projected separation (in 
au) of the binaries. Most of them show separations smaller than 
5au, while only four show p > 8au. WISE 0612-3036 (filled 
square) is among these four binaries with a projected separation 
of 11 au. 

5. Conclusions 

We have observed seven BDs with the NACO-i-LGS system to 
look for close companions. In general, the observing conditions 
were not optimal for the LGS, resulting in poor corrections that 
did not allow the innermost regions around the targets to be ex¬ 
plored. 

Our main findings can be summarized as follows: 

- Five targets are apparently single with 3-(T limiting magni¬ 
tudes of H between 19-21 mag at O'.'5. 

- The T-dwarf WISE 0612-3036 is clearly resolved into a sub- 
arsecond binary. PSF-photometry of the binary has allowed 
us to derive the individual JHK^ magnitudes of the two 
components, which are consistent with a very similar spec¬ 
tral type of T6. Using absolute magnitude-spectral type re¬ 
lationships in JHKs, we estimate a distance to the binary 
of J ~ 31 + 6 pc, which implies a projected separation of 
p = 11 + 2 au. Additional observations are needed to confirm 
the system as bound. 


- The target WISE 2255-3031 shows a very faint source at a 
separation of T.'3 SE from the primary. Its H - color 
(> 0.1 mag) is redder than the colors of the latest T dwarfs 
and Y dwarfs. Since HS T public archival data in two near- 
IR filters shows that the source is extended, we suggest that 
it is most probably a background galaxy. 

- Similar to other known late T-dwarf binaries, WISE 0612- 
3036 is comprised of two nearly equal-mass objects. Its pro¬ 
jected separation, 11 au, is larger than the average value for 
T dwarf binaries (~5 au). 
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